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Monitoring Reactivity of Thvroid Peroxidase Autoantibodies 

The present invention relates to a method of monitoring the reactivity of 
thyroid peroxidase (TPO) autoantibodies (Abs) in order to distinguish between disease-related 
and disease-unrelated TPO Abs. 

Almost 40 years ago the reactivity of sera from patients with Hashimoto's 
thyroiditis, a thyroid specific antigen distinct from thyroglobulin, was described (Belyavin 
& Trotter; The Lancet; pp648-652; 1959). This antigen had been shown to be localised in 
the cytoplasmic fraction of thyroid follicular cells and was referred to as "thyroid microsomal 
antigen". Further studies have shown clearly that the microsomal antigen is thyroid 
peroxidase (TPO) -the enzyme involved in iodination of tyrosines in thyroglobulin i.e. 
formation of thyroid hormones. 

Methods to measure Abs to the thyroid microsomal antigen were traditionally 
based on partially purified antigen preparations used in complement-fixing assays, 
immunofluorescence tests or systems based on antigen-coated cells or particles (e.g. tanned 
red cell/haemagglutination techniques), antigen-coated enzyme linked immunosorbent assay 
(ELISA) plates or antigen-coated tubes. 

After TPO had been identified as the major component of thyroid microsomal 
antigen, assays to measure TPO antibodies were more commonly based on purified 
preparations of native or recombinant TPO. The currently used methods include ELISA and 
radioimmunoassay (RIA) techniques. 

TPO autoantibodies are known to be markers of autoimmune thyroid disease 
(AITD) such as Graves' disease and Hashimoto's thyroiditis, Approx 80% of patients with 
AITD are found to have TPO Abs and the levels of TPO Abs in these patients are usually 
very high. However, TPO Abs, albeit at lower levels, are found in approx 20% of healthy 
female blood donors. The prevalence of TPO Abs increases with age, rising from approx 
15% in the 18 to 24 age group, to approx 25% in the 55 to 64 age group for healthy 
females. The prevalence of TPO Abs in healthy male blood donors is approx 10%. 
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In the cases of Abs to thyrpglobulin (Tg - another thyroid specific autoantigen) 
it has been shown that Tg Abs from healthy blood donors and Tg Abs from patients with 
ATTD appear to be directed to different epitopes on the Tg molecule. There has been 
evidence that autoantibody epitopes on human TPO as well as those on Tg are conformational 
However, it is also believed that two short C-terminal sections of TPO amino acids ((AA) 
590-621 = C2 and AA 709-721 = C21) can bind TPO Abs. 

We have now found that it is possible to distinguish between disease-related 
TPO Abs due to differences in reactivity of TPO Abs from healthy blood donors and TPO 
Abs from patients with AITD or other autoimmune diseases. 

According to the present invention there is provided a method of monitoring 
the reactivity of TPO Abs, which method comprises: 

(a) labelling modified TPO prepared using expressed TPO genes containing truncations 
and/or deletions; and 

(b) monitoring reactivity of the labelled modified TPO with TPO autoantibodies present 
in body fluid from a patient (using, for example, an immunoprecipitation assay). 

The modified TPO itself therefore contains corresponding truncations and/or 

deletions. 

In experiments leading to the present invention full-length human TPO cDNA 
(coding for a 933AA protein) was digested at the AccI site to yield a 90kD (838AA) 
extracellular, water-soluble fragment. Previous studies have shown that the reactivity of 
TPO Abs to the 90kD fragment and the full length TPO (116kD) was similar. Consequendy, 
the 90kD fiagment was used as a reference for analysis of TPO autoantibody binding. 

The TPO 90kD reference preparation and the modified TPO preparations 
(including those with the N-terminal amino acids 3-166 and/or 3-324 deleted) are used. The 
TPO preparations (reference and modified) can be labelled with different reagents 
(radiologically, for example with *^^I or ^^S methionine) or chemically, for example with 
chemiluminescent reagents, bioluminescent reagents, fluorescent compounds, enzymes, metal 
chelates or a dye (such as a streptavidin dye complex). The difference in the ability of TPO 
Abs to react with reference TPO and modified TPO will indicate the presence of disease- 
related TPO Abs or disease-unrelated TPO Abs. 



I » 
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It is thereby possible to distinguish between disease-related TPO Abs and 
disease-unrelated TPO Abs. 

In one embodiment the autoantibodies are monitored using an ELISA. In the 
ELISA, diluted serum samples are added to TPO coated plastic wells of a standard ELISA 
plate and incubated to allow for TPO autoantibody binding to TPO on the well wall to occur. 
Bound autoantibody is thai quantified typically by addition of anti-human IgG (or protein 
A) coupled to an enzyme such as horseradish peroxidase or alkaline phosphatase, addition 
of an appropriate enzyme substrate which forms a coloured reaction product and 
quantification of the colour intensity using a spectrophotometer. The colour intensity is a 
function of the amount of Abs in the serum sample. A standard curve can be included in the 
assay to give fully quantitative results, or results can be expressed as an assay index in which 
the colour intensity (optical density or OD) in the test sample is divided by the OD observed 
for a standard reference TPO autoantibody preparation. 

Another method which may be used for monitoring TPO Abs is a 
radioimmunoassay (RIA). Several RIA systems are suitable for monitoring TPO Abs; in U)e 
majority of cases these assays use reagents radioactively labelled with Some of these 
assays employ sandwich-type systems, in which TPO Abs in a test serum bind to TPO coated 
tubes and are then detected by addition of either *^^Mabelled TPO, ^^^I-labelled anti-human 
IgG or '"l-labelled protein A. Alternatively in an inhibition assay, TPO monoclonal antibody 
can be coated onto the plastics tubes and the tubes will bind '^^I-labelled TPO. TPO Abs in 
test sera will inhibit die binding of *^^I-TPO and results can be read off a standard curve. 
Highly sensitive TPO autoantibody assays depend on the direct liquid phase interaction 
between TPO Abs and '^I-labelled antigen. In this type of assay, diluted serum samples are 
first incubated witii ^^si.jabelled TPO to allow formation of '^^Mabelled TPO/TPO 
autoantibody complexes in the liquid phase. The labelled complexes are then precipitated 
by addition of solid phase protein A. The amount of TPO Abs in the test serum is a function 
of the *^I-labelled antigen precipitated and the results are read off a standard curve. 

TPO labelled indirectiy (for example linked to a radioactively labelled or 
chemically labelled or enzyme labelled antibody) can also be used in assay systems to 
measure TPO Abs. 
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The modified TPO may be labelled with, for example, ^^S (for example, as 
^^S-methionine), typically carried out using a methionine-free rabbit reticulocyte lysate 
system. Unreacted ^^S-methionine may be removed, for example, by passing through a 
Sephadex G50 column. Alternatively, other radioisotope labels may be used; as further 
alternatives enzyme labels or luminescent or fluorescent labels or dyes may be used. 

Preferably, the modified TPO genes are truncated and/or deleted by digestion 
at restriction enzyme sites and isolation of the resulting modified genes (typically on agarose 
gels). 

In one example, the modified TPO genes containing truncations and/or 
deletions may be cloned into a pTZ18 vector under the control of a T7 promoter. Other 
suitable vectors and/or promotors may be used if appropriate. 

In one embodiment, a Promega TnT transcription/translation kit may be used 
during the production and/or labelling of the modified TPO. Other suitable protein 
expression systems may be used if appropriate. 

The invention may be more clearly understood by the following description 
of the accompanying figures, which is given by way of example only. 

In tile drawings, Figure 1 shows an outline of restriction enzyme sites 
(frequency and position in the DNA sequence) used to introduce modifications into the TPO 
sequence; 

Figure 2 shows the TPO DNA sequence/translated protein sequence (with 
selected restriction enzyme sites shown); 

Figure 3 is a schematic representation of modifications introduced into the 
TPO sequence; 

Figure 4a is a schematic map of an unmodified pTZ18 cloning vector suitable 
for use according to the invention; 

Figure 4b is a pTZ18 vector DNA sequence and Linker sequence suitable for 
use according to tiie invention; 

Figure 5 shows a T7 promoter sequence suitable for use according to die 

invention; and 

Figure 6 is a summary of the reactivity of modified TPO with Abs in sera 
from patients with AITD, Addison's disease and healthy blood donors. 
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Sera from 20 patients with AITD (16 Graves' and 4 Hashimoto's), 8 patients 
with Addison's disease and 9 healthy blood donors were studied for reactivity with TPO Abs 
using an immunoprecipitation assay. In the assay, sera were incubated with the labelled 
variously modified TPO preparations for 2 hours at room temperature followed by incubation 
for 1 hour with solid phase protein A to bind ^^S modified TPO-TPO autoantibody 
complexes. The protein A-bound complexes were then counted for ^^S and results computed 
as percentage binding of total radioactivity applied. In addition, results are given as a 
percentage of binding of the "S-labelled 90kD TPO reference protein. 

Modifications to the TPO gene were carried out by restriction enzyme 
digestion at specific enzyme sites in the TPO sequence (see Figures 1 to 3). These truncated 
and/or deleted TPO gene sequences were then isolated and purified using a commercial 
GENECLEAN kit (GENECLEAN II. ANACHEM, Luton, Beds). Briefly, the digested TPO 
gene fragments were run on ethidium bromide stained agarose gels, and the relevant DNA 
bands excised from the gel using a scalpel blade and placed in a microfuge tube. 

The approximate volume of the gel slice was then estimated by weight and 3 
volumes of 6M sodium iodide stock solution added. The agarose slice was then dissolved 
by placing the microfuge tube at 55** C for 5 minutes. 10/il of the kit GLASSMILK 
(insoluble silica matrix stock) was added to the dissolved agarose solution, mixed and the 
suspension incubated for 5 minutes on ice. The GLASSMILK/DNA complex was then 
pelleted in a microfuge for 5 seconds. This pellet was then washed 3 times with 
GENECLEAN II NEW WASH solution before being eluted from the GLASSMILK matrix 
with sterile water at 55**C for 3 minutes. 

The purified TPO gene fragments cloned into the modified pTZ18 vector 
(Figures 4a and 4b), containing a unique linker. (Figure 4b) under the control of the T7 
promoter (see Figure 5) were then expressed and labelled with "S-methionine in an in vitro 
rabbit reticulocyte lystate system using a Promega TnT transcription/translation kit. The 
reactions were carried out with a methionine-free rabbit reticulocyte lysate in the presence 
of "S-methionine (lOCi/L; Amersham). The reaction mixture was then passed through a 0.5 
X 16cm column of Sephadex G50 (Pharmacia), eluted with 150mmol/L Tris buffer pH8.3, 
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containing (per litre) 200mmol of NaCl. lOmL of Tween-20 and lOg of bovine serum 
albumin (Tris buffer); ImL fractions were collected. The fractions collected were tested for 
reactivity with TPO Abs by immunoprecipitation assay (IP A), diluted to give about 30,000 
counts/min per 50/iL and stored in aliquots at - 70^C. Synthesis of proteins coded for by the 
various constructs was assessed by analysis on acryiamide gels (9%) in SDS followed by 
autoradiography. 

The IPA was carried out with a 96-well filtration plate system incorporating 
0.45^m (pore size) filters (Multiscreen, Millipore UK Limited). Aliquots of 50/iL of "S- 
TPO were incubated with aliquots of diluted serum (50/xL diluted 10 fold in Tris buffer) for 
2 hours at room temperature with shaking. To each microtiter well was then added SO^L 
of Protein A-Sepharose (Pharmacia), diluted 10 fold in Tris buffer and the samples were 
incubated for 1 hour more at room temperature with shaking. The plate was then placed on 
the suction unit (Millipore UK) and the immune complexes bound to Protein A-Sepharose 
were washed three times with 200AtL of Tris buffer. After this washing, the bottom of each 
well was punched out into vials containing 1ml of scintillation liquid (Ultima Gold. Packard) 
and the radioactivity counted in a scintillation counter. Negative pool serum obtained from 
10 healthy blood donors was included in each assay as well as rabbit TPO Abs (RSR 
Limited) as a control. Each experiment was carried out in duplicate and binding to each 
modified TPO protein was carried out in two separate experiments. 

Results were expressed as percent binding of total radioactivity added. In 
addition, results were expressed as percent binding to 90kDa TPO reference protein. 

Figure 3 is a schematic representation of modifications introduced into the 
TPO sequence. 90kD reference TPO protein was produced by digestion at AccI site. C- 
terminal truncations were at Sad (AA772-838 deleted); at Clal (AA63 1-838 deleted); at Smal 
(AA 515-838 deleted) and BamHI (AA455-838 deleted). Internal deletions were: Xmal/SacI 
(AA 514-772 deleted); Apal/Apal (AA 386-652 deleted); Narl/Xmal (AA166-517 deleted); 
Eco47III/MluI (AA3-324 deleted) and Eco47ni/NarI (AA 3-166 deleted). A summary of the 
modifications introduced into the TPO sequence is given in the following Table 1. 



wo 98/20354 PCT/GB97/03014 

7 

TABLE 1 

Summary of Modifications Introduced into th e TPO Sequence 



Enzyme sites used 


Amino acids deleted 


Region of deletion 


AccI (reference) 


838-933 


C- terminal 


Eco47III/NarI 


3-166 


N- tenninal 


Eco47III/MluI 


. 3-324 


N- tenninal 


Narl/Xmal 


166-517 


Internal 


Apal/Apal 


386-652 


Internal 


Ainai/oacl 


j14-/ /z 




BamHI 


455-838 


C- tenninal 


Smal 


515-838 


C" tenninal 


Clal 


631-838 


C- terminal 


Sad 


772-838 


C- tenninal 
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Results of TPO autoantibody binding are shown in the following Tables 2 and 

3: 

Table 2 shows results of TPO autoantibody binding to 90kD reference and 
modified TPO in AITD, Addison's disease and healthy blood donors. Results are expressed 
as % binding of total radioactivity added and are mean±SD of two separate experiments, 

TABLE 2 



Croup 


AA 83S.933 


AA772-838 


AA63 1-838 


AA515.838 


AA455-838 


AA514.772 


AA386^52 


'-AA166.517 


AA3024 


AA3-I66 
























AITD 
n-«20 


18.7% 
+/. 
5.3% 


15.7% 
+/- 
4.7% 


2.2% 
+/• 
1.0% 


2.8% 
+/. 
1,3% 


3.4% 
J.1% 


2,7% 
+/. 
1.3% 


2.7% 
+/- 
2.3% 


6.7% 
+/- 
3.4% 


10.7% 
+/. 
2.7% 


14.8% 
+/. 
3.0% 


Addisons's 


10.0% 
+A 
3.9% 


10.3% 
+/- 
3.9% 


2.8% 
+/- 
2.1% 


1.6% 
+/. 
0.3% 


1.9% 
+/. 
0.3% 


2.1% 
+/- 
0.4% 


2.2% 
1.7% 


4,3% 
+/. 
4.2% 


7.3% 
+/. 
2.4% 


U.4% 
+/. 
3.3% 
























Normals 
n"9 


6.0% 
+/. 
2.2% 


6.6% 
+/- 
2.3% 


1.3% 
+/. 
0.14% 


1.3% 
+/. 
0.2% 


1.9% 
+/. 
0.3% 


1.6% 
+/- 
0.2% 


1.6% 
+/- 
0.3% 


2.6% 
.+/- 
2.3% 


6.3% 
+/. 
2.5% 


9.4% 
+/- 

2.7% 
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Table 3 shows TPO autoantibody binding to 90kD reference and modified TPO 
in AITD, Addison's disease and healthy blood donors. Results are expressed as % binding 
to 90kD TPO reference protein and are mean ±SD of two separate experiments. 

TABLE 3 



Cfoup 


AA772.838 

S3Cl 


AA513-838 
Stiul 


AA455-838 
BamHl 


AA63 1-838 
Clal 


AA386-652 
Apol/Apal 


AA166-5I7 
Nafl/Xmal 


AA3 14-772 
Saci/Xmal 


AA3-166 
Ec(>47IH/NaiI 


/\A3.324 
Eco47m/Mlul 


AITD 
n-20 


U% 
+/- 
3% 


15% 
+/. 
S% 


19% 
+/• 
5% 


13% 
+/- 
4»/» 


15% 
+/- 
8% 


36% 
11% 


15% 
5% 


81% 
+/. 


58% 
+/- 
5% 






















Addisoiu'i 
n-8 


104% 
+/. 
7% 


18% 
+/. 
6% 


22% 
+/. 
8% 


27% 
+/. 
11% 


23% 
+/- 
17% 


38% 
+/- 
22% 


2j^i 
+/• 
6V« 


123% 
+/- 
30% 


80% 
+/. 
20% 






















Normals 
n-9 


110% 
+/- 
8% 


2S% 
+/. 
10% 


35% 
+/. 
13% 


24% 
+/- 
8% 


30% 
+/- 
10% 


46% 
+/• 
24% 


:9»i 
+/. 
9*/d 


160^; 
+/- 
20% 


108% 
+/- 
14% 



Figure 6 is a summary of the reactivity of modified TPO with Abs in sera 
from patients with AITD, Addison's disease and healthy blood donors. 
The results show that: 

1. Removal of the last 66 amino acids (AA) from the 90kD fragment (truncation at A A 
772) had a small (about 15% reduction) effect on TPO autoantibody binding whereas 
truncations of AA 631-838, 515-838 or 455-838 caused a marked reduction (mean 
about 80%) in autoantibody binding. Deletion of A A 514-772 and A A 386-652 also 
had marked effect on autoantibody binding (reduction about 70%). Deletions of A A 
166-517 reduced binding by about 60%. The effect on TPO autoantibody binding in 
sera from patients with AITD, Addison *s disease and healthy blood donors were 
similar. 

2. Deletions within the N-terminal part of the protein AA3-166 and AA 3-324 showed 
an effect on TPO autoantibody binding in sera from patients with AITD (20 and 40% 
reduction respectively), had small (about 20% for A A 3-324 deletion) or no effect 
(AA3-166 deletion) on TPO autoantibody binding in Addison's disease but had no 
effect on TPO autoantibody binding in sera from healthy blood donors. 
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These studies suggest that TPO Abs from healthy blood donors show different 
epitope recognition in comparison to TPO Abs from patients with ATTD or other autoimmune 
diseases such as Addison's disease. Other examples of autoimmune diseases include insulin 
dependent diabetes mellitus, rheumatoid arthritis, systemic lupus erythematosus (SLE), and 
myaesthenia gravis. These observations may allow differentiation between disease related 
and unrelated TPO Abs. 
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CLAIMS: 

L A method of monitoring the reactivity of thyroid peroxidase (TPO) autoantibodies, 
which comprises: 

(a) labelling modified TPO prepared using expressed modified TPO genes 
containing truncations and/or deletions; and 

(b) monitoring reactivity of said labelled modified TPO with TPO autoantibodies 
present in a body fluid from a patient. 

2. A method according to claim 1, wherein step (b) is carried out using an 
immunoprecipitation assay. 

3. A method according to claim 1 , wherein step (b) is carried out using an enzyme linked 
immunosorbent assay (ELISA). 

4. A method according to claim 1, wherein step (b) is carried out using a 
chemiluminescence assay. 

5. A method according to claim 1, wherein step (b) is carried out using an immuno 
chromatographic assay. 

6. A method according to any of claims 1 to 5, wherein said truncations and/or deletions 
are produced by digestions at restriction enzyme sites and isolation of the resulting 
modified genes. 



7. 



A method according to any of claims 1 to 6, wherein a 90kD reference TPO protein 
is produced by digestion at AccI site. 
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8. A methcxi according to any of claims 1 to 7, wherein said modified TPO has C- 
terminal truncations at SacI resulting in deletion of amino acid (AA)772-838; at CM 
resulting in deletion of AA631-838; at Smal resulting in deletion of AA515-838 and 
at Bamm resulting in deletion of AA455-838. 

9. A method according to any of claims 1 to 8, wherein said modified TPO has internal 
deletions at Xmal/SacI (wherein AA5 14-772 are deleted); Apal/Apal (wherein 
AA386-652 are deleted); Narl/Xmal (wherein AA166-517 are deleted); Eco 
47111/MluI (wherein AA3-324 are deleted) and Eco47in/NarI (wherein AA3-166 are 
deleted). 

10. A method according to any of claims 1 to 9, wherein said reactivity is monitored in 
test samples of said body fluid taken from patients having autoimmune disease and 
control samples of said body fluid from healthy donors, wherein said reactivity of 
said modified TPO prepared using said genes containing deletions with said test 
samples results in lowered relative TPO autoantibody binding compared to said 
reactivity with said control samples. 

11. A method according to claim 10, wherein said TPO autoantibody binding is in said 
test samples having modified TPO with deletions within an N-terminal part of AA3- 
324 said samples being from patients with autoimmune thyroid disease (AITD) or 
other autoimmune disease. 

12. A method according to any of claims 1 to 10, wherein said TPO autoantibody binding 
is in said test samples having modified TPO with deletions within an N-terminal part 
of AA3-166, being from patients with AITD or other autoimmune disease. 

13. A method according to any of claims 1 to 9, wherein said reactivity is monitored in 
test samples of said body fluid taken from patients being screened for autoimmune 
disease and from control samples of said body fluid from healthy donors, wherein 
lowered relative TPO autoantibody binding in said test samples relative to said control 
samples is indicative of suspected autoimmune disease. 
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14. A method according to any of claims 1 to 13, wherein the difference in the ability of 
TPO Abs to react with a 90kD reference TPO and modified TPO indicates the 
presence of disease related or disease unrelated TPO Abs. 

15. A method according to any of claims 1 to 14, for the diagnosis of AITD or other 
autoimmune disease. 

16. A method according to claim 15, wherein said AITD is Graves' disease or 
Hashimoto's thyroiditis. 

17. A method according to any of claims 1 to 16, wherein said labelling is carried out 
with a radioisotope (such as ^^S or ^^^I). 

18. A method according to any of claims 1 to 16, wherein said labelling is carried out 
with an enzyme label (such as horseradish peroxidase or alkaline phosphatase), 

19. A method according to any of claims 1 to 16, wherein said labelling is carried out 
with latex or gold particles, or a chromophore (such as a streptavidin-dye complex), 

20. A method according to any of claims 1 to 16, wherein said labelling is carried out 
with a fluorescent or chemiluminescent reagent. 

21. A method according to any of claims 1 to 16, wherein said labelling is carried out 
with a metal chelate. 

22. A method according to any of claims 1 to 16, wherein said labelling is carried out 
with a bioluminescent compound. 

23. A method according to any of claims 1 to 22, wherein said body fluid comprises 
whole blood. 
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24. A method according to any of clainis 1 to 22, wherein said body fluid comprises 
serum or plasma. 

25. A method according to any of claims 1 to 22, wherein said body fluid comprises 
amniotic fluid. 

26. A method according to any of claims 1 to 25, wherein said modified TPO has an N- 
terminal deletion between AA3-166 of TPO. 

27. A method according to any of claims 1 to 25, wherein said modified TPO has an N- 
terminai deletion between AA3-324 of TPO. 

28. A method according to any of claims 1 to 27, for use in the differentiation between 
disease-related TPO Abs and disease unrelated TPO Abs. 
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Figure 1 




Enzyme 


rreQ 




Position(s) 


Acc 1 

1 

GT MK AC 
CA KM TG 

i 


I 


256 i 




Apa I 

G GGCC C 
C CCGG G 


2 


1208 


1997 


BamH 1 

G GATC C 
C CTAG G 
t 


1 


: 1^12 




eta [ 

1 

AT CG AT 
TA GC TA 
f 


1 


: 1940 




Eco^7 III 
1 

AGC GCT 
TCG CGA 
f 


1 


53 




Mlu I 
+ 

A CGCG T 
T GCGC A 
1 


1 : 


1019 




Nar ! 

t 

1 

GG CG CC 
CC GC GG 
t 


I : 


5^15 




Sac I 

1 

G AGCT C 
C TCGA G 
f 


I : 


2366 




Sma 1 

1 

CCC GGG 
GGG CCC 
t 


1 : 


1590 




Xma I 

C CCGG G 
G GGCC C 
+ 


1 


1588 
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Figure 2 
TPO.MPD (1 > 2847) Site and Sequence 
Enzymes ; 10 of 445 enzymes (Filtered) 

Settings : Circular. Certain Sites Only. Standard Genetic Code 

EC047 III 

ATTACTCAGCAGTGCAGTTGGCTGAGAAGAGGAAAAAAGGTCAGAATGAGAGCGCTCGCT 

I 1 h 1 ! H*H 1 , 1 , 1 , ^ QQ 

TAATGAGTCGTCACGTCAACCGACTCTTCTCCTTTTTTCCAGTCTTACTCTCGCGAGCGA 



0 



ITQQC5WLRRGKKVRMRALA 

I 1 1 • 1 1 1 i 1 ■ . i. 

GTGCTGTCTGTCACGCTGGTTATGGCCTGCACAGAAGCCTTCTTCCCCTTCATCTCGAGA 

1 ■ I I ' — H f 1 < h 120 

CACGACAGACAGTGCGACCAATACCGGACGTGTCTTCGGAAGAAGGGGAAGTAGAGCTCT 

VLSVTLVMACTEAFFPFISR 



GGGAAAGAACTCCTTTGGGGAAAGCCTGAGGAGTCTCGTGTCTCTAGCGTCTTGGAGGAA 

— < \ " ' I ■ ' ■ I 1 H 1 ■ ■ ■ ■ i 1 I 180 

CCCTTTCTTGAGGAAACCCCTTTCGGACTCCTCAGAGCACAGAGATCGCAGAACCTCCTT 

GKELLWGKPEESRVSSVLEE 
■ I ■ . 1- 1 1 1 i I « » ■ 

AGCAAGCGCCTGGTGGACACCGCCATGTACGCCACGATGCAGAGAAACCTCAAGAAAAGA 
H \ 1—. 1 1 1 1 1-.- ^ i J. 2^10 

TCGTTCGCGGACCACCTGTGGCGGTACATGCGGTGCTACGTCTCTTTGGAGTTCTTTTCT 
SKRLVDTAMYATMORNLKKR 



GGAATCCTTTCTCCAGCTCAGCTTCTGTCTTTTTCCAAACTTCCTGAGCCAACAAGCGGA 

1 1 < 1 — ; — i 1 I ' ^ H 300 

CCTTAGGAAAGAGGTCGAGTCGAAGACAGAAAAAGGTTTGAAGGACTCGGTTGTTCGCCT 

GILSPAOLLSFSKLPEPTSG 



GTGATTGCCCGAGCAGCAGAGATAATGGAAACATCAATACAAGCGATGAAAAGAAAAGTC 
1 1 ■ * ' ' ' i ■ ■ 1 1 ^ H 1 1 1 h 360 

CACTAACGGGCTCGTCGTCTCTATTACCTTTGTAGTTATGTTCGCTACTTTTCTTTTCAG 
VIARAAEIMETSIQAMKRKV 

' ' ' ■ ■ 1 1 1 I I ■ L 

AACCTGAAAACTCAACAATCACAGCATCCAACGGATGCTTTATCAGAAGATCTGCTGAGC 
1 1 — —4- 1 1 H f-H 1 h i]20 

TTGGACTTTTGAGTTGTTAGTGTCGTAGGTTGCCTACGAAATAGTCTTCTAGACGACTCG 
NLKTQQSQHPTDALSEDLLS 
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TPO.MPD (1 > 2847)' Site and Seouencft 

ATCATTGCAAACATG TCTGGATGTCTCCCTTACATGCTGCCCCCAAAATGCCCAAArArr 

TAGTAACGTTTGTACAGACCTACAGAGGGAATGTACGACGGGGGTTTTACGGGTTTGTGA 

I 1 A N H S G C L P Y M L P P K C P N T 
"""^ ' ' ' 1 t 

TGCCTGGCGAACAAATACAGGCCCATCACAGGAGCTTCCAACAACAGAGACCA CCCCAGA 
ACGGACCGCTTGTTTATGTCCGGGiAGTGKCTCGAACGlTGTTGTCTclGGTGGGGTCT 



CLANKYRPITG 



ACNNROHPR 



r 



arl 



TGGGGCGCCTCCAACACGGCCCTGGCACGATGGCTCCCTCCAGTCTATGAGGACG GCTTC 
ACCCCGCGGAGGTTGTGCCGGGACCGTGclACCGAGGGAicTCAGATACTCCTGCCGAAi 

WGASNTALARWLPPVYEOGF 



■ I ■ t 



AGTCAGCCCCGAGGCTGGAACCCCGGCTTCTTGTACAACGGGTTCCCACTGCCCCC GGTC 

tcagtcggggctccgaccttggggccgaagaacaIgttgcccaagggtgacgggggccag 

^ Q P R G V N P G F L Y N G F P L P P V 



cgggaggtgacaagacatgtcattcaagtttcaaatgaggttgtcacagatgatgaccgc 

GCCCTCCACTGTTCTGTACAGTAAdTTCAAAGTTTACTCCAACAGTGTciACTACTGGCG 
' ^ " ^ ' Q- V S N E V V T 0 0 0 R 



TATTCTGACCTCCTGATGGCATGGGGACAATACATCGACCACGACATCGCGTTCArArrA 



ataagactggaggactaccgtacccctgttatgtagctggtgctgtagcgcaagIgtggI 

^ ^ ° > »- " AWGOYIDHOIAFT 



780 



P 



CAGAGCACCAGCAAAGCTGCCTTCGGGGGAGGGGCTGACTGCCAGATGACTTGTGAGAA C 
GTCTCGTGGTCGTTTCGACGGAAG(!cCCcicCCCGACTGlcGGTCTACTGAACACTCTTG "'^ 

..° ^ ^ ^ A F G G G A D C 0 M T C E N 
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TPOMPD (1 > 2847) Site and Sequence 



CAAAACCCATGTTTTCCCATACAACTCCCGGAGGAGGCCCGGCCGGCCGCGGGCACCGCC 
*~ 1 f 1 1 " 1 1 1 ^ f. 900 

GTTTTGGGTACAAAAGGGTATGTTGAGGGCCTCCTCCGGGCCGGCCGGCGCCCGTGGCGG 

QNPCFPIQLPEEARPAAGTA 
' ' ' ' 1— ' ^ . 1 L 

TGTCTG CCCTTCTACCGCTCTTCGGCCGCCTGCGGCACCGGGGACCAAGGCGCGCTCTTT 

— ' H i I ^ 1 1 \ H u 960 

ACAGACGGGAAGATGGCGAGAAGCCGGCGGACGCCGTGGCCCCTGGTTCCGCGCGAGAAA 
CLPFYRSSAACGTGDQGALF 



Mlul 

gggaacctgtccacggccaacccgcggcagcagatgaacgggttgacctcgttcctgga'c 

• i ■ ■ " " > < i H 1 f— i H 1020 

cccttggacaggtgccggttgggcgccgtcgtctacttgcccaactggagcaaggacctg 

GNLS. TANPRQQMNGLTSFLD 
' ' »- ' 1 1 ■ 

GCGTCCACCGTGTATGGCAGCTCCCCGGCCCTAGAGAGGCAGCTGCGGAACTGGACCAGT 

I ' ' " ' ' 1 ' ' ' 1 ' 1 1 h— H ^ 1080 

CGCAGGTGGCACATACCGTCGAGGGGCCGGGATCTCTCCGTCGACGCCTTGACCTGGTCA 

ASTYYGSSPALERQLRNWTS 
— *- ' ' ' ' ' ■ 1 i ■ ■ 

GCCGAAGGGCTGCTCCGCGTCCACGCGCGCCTCCGGGACTCCGGCCGCGCCTACCTGCCC 

* • » i H 1 \ ^ f. iiiio 

CGGCTTCCCGACGAGGCGCAGGTGCGCGCGGAGGCCCTGAGGCCGGCGCGGATGGACGGG 
AEGLLRVHARL ROSGRAYLP 



TTCGTGCCGCCACGCGCG CCTGCGGCCTGTGCGCCCGAGCCCGGCATCCCCGGAGAGACC 

' ' — ' ' i ■ ■ I I ■ ■ ' ' I 1 I ■ . — 1 . I I ■ 1 ■ , ■ , t 1200 

AAGCACGGCGGTGCGCGCGGACGCCGGACACGCGGGCTCGGGCCGTAGGGGCCTCTCTGG 

^'VPPRAPAACAPEPGIPGET 
' ■ ■ ■ ' ' ' ■ ^ I . ' 

CGCGGGCCCTGCTTCCTGGC CGGAGACGGCCGCGCCAGCGAGGTCCCCTCCCTGACGGCA 

' 1 ' M ' i 1 — I i i h 1260 

GCGCCCGGGACGAAGGACCGGCCTCTGCCGGCGCGGTCGCTCCAGGGGAGGGACTGCCGT 
f^GPCFLAGDGRASEVPSLTA 

' ' ' ' ' 1 ■ I ' ■ I . L 
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PCT/GB97/03014 



TPO.MPD (1 > 2847) Site and Sequence 



CTGCACACGCTGTGGCT GCGCGAGCACAACCGCCTGGCCGCGGC6CTCAAGGCCCTCAAT 

' i 1- — \ 1 ( i 1 1 J. 1320 

GACGTGTGCGACACCGACGCGCTCGTGTTGGCGGACCGGCGCCGCGAGTTCCGGGAGTTA 
LHTLWLREHNRLAAALKALN 



GCGCA CTGGAGCGCGGACGCCGTGTACCAGGAGGCGCGCAAGGTCGTGGGCGCTCTGCAC 
' 1 ' i 1 1 \ 1 \ h 1380 

CGCGTGACCTCGCGCCTGCGGCACATGGTCCTCCGCGCGTTCCAGCACCCGCGAGACGTG 

AHWSAOAVYQEARKVVGALH 
' ' 1- 1 1- 1 1 . < t - ■ 1 

|BamH I 

CAGATCATCACCCTGAGGGATTACATCCCCAGGATCCTGGGACCCGAGGCCTTCCAGCAG 

— 1 — ^ 1 i ' — ^ I 1 h 1440 

GTCTAGTAGTGGGACTCCCTAATGTAGGGGTCCTAGGACCCTGGGCTCCGGAAGGTCGTC 

01 ITLROYIPRILGPEAFQQ 
■ > ' 1 1 i ■ ■ • ' ■ ■ - I 

TACGTGGGTC CCTATGAAGGCTATGACTCCACCGCCAACCCCACTGTGTCCAACGTGTTC 

_ ' ' ' ^ ' ' ' " ■ ! 1 1- 1500 

ATGCACCCAGGGATACTTCCGATACTGAGGTGGCGGTTGGGGTGACACAGGTTGCACAAG 

YVGPYEGYOSTANPTVSNVF 
' — ' 1 ■ ■ ■» ' - - ■ ■ ■ ■ , I 

TCCACAGCCGCCTTC CGCTTCGGCCATGCCACGATCCACCCGCTGGTGAGGAGGCTGGAC 

' ' ' ' ' ' ' 1 ' ' ' ' H 1 1 -1 1 ... I h 1560 

AGGTGTCGGCGGAAGGCGAAGCCGGTACGGTGCTAGGTGGGCGACCACTCCTCCGACCTG 
S*^AAFRFGHATIHPLVRRLD 



|Sma I 

GCCAGCTTCCAGG AGCACCCCGACCTGCCCGGGCTGTGGCTGCACCAGGCTTTCTTCAGC 

' f— ' ^ I ' ■ I > - ' ■ ' ■ I ■ ■ 1 h 1620 

CGGTCGAAGGTCCTCGTGGGGCTGGACGGGCCCGACACCGACGTGGTCCGAAAGAAGTCG 

ASFQEHPDLPGLWLHOAFFS 
■ ■ . • ' ' ' ■ i 1 1 ' 



CCATGGACATT ACTCCGTGGAGGTGGTTTGGACCCACTAATACGAGGCCTTCTTGCAAGA 

' ■ ■ ^ " ' ' ' ■ ' ' I ' ■ ■ 1 1 1 h 1680 

GGTACCTGTAATGAGGCACCTCCACCAAACCTGGGTGATTATGCTCCGGAAGAACGTTCT 

PWTLLRGGGLDPLIRGLLAR 
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TPO.MPD (1 > 2847) Site and Sequence 



CCAGCCAAACTGCAGGTGCAGGATCAGCTGATGAACGAGGAGCTGACGGAAAGGCTCTTT 

' ' 1 1 1 1 1 1 \ ... I ^ ■ ■ ■ I 17^0 

GGTCGGTTTGACGTCCACGTCCTAGTCGACTACTTGCTCCTCGACTGCCTTTCCGAGAAA 
PAKLQVQOQLMNEELTERLF 

GTGCTGTCCAATTCCAGCACCTTGAATCTGGCGTCCATCAACCTGCAGAGGGGCCGGGAC 
— • ! 1 1 H \ 1 1 i 1 H 1800 

CACGACAGGTTAAGGTCGTGGAACTTAGACCGCAGGTAGTTGGACGTCTCCCCGGCCCTG 

VLSNSSTLN L'A SINLQRGRD 
■ ■ ' ' ' ' » ■ ' ■ ■ 1 — I 1 I ■ , ,1 . 

CACGGGCTGCCAGGTTACAATGAGTGGAGGGAGTTCTGCGGCCTGCCTCGCCTGGAGACC 

• ■ ■ " ' ' ' ' f— -H 1 < 1 ■ ■ ■ I ■ 1 1 I860 

GTGCCCGACGGTCCAATGTTACTCACCTCCCTCAAGACGCCGGACGGAGCGGACCTCTGG 
HGLPGYNEWREFCGLPRLET 

' ' — ^ . 1 L-^ 1 . L. . . 

CCCGCTGACCTGAGCACAGCCATCGCCAGCAGGAGCGTGGCCGACAAaATCCTGGACTTG 

' ' J I . ■ . 1 . . I \ M 1 I .... |. 1920 

GGGCGACTGGACTCGTGTCGGTAGCGGTCGTCCTCGCACCGGCTGTTCTAGGACCTGAAC 
PAOLSTAIASRSVADKILDL 

' ' ' ' ' ■ 1 ^ L 

plal 

TACAAGCATCCTGACAACATCGATGTCTGGCTGGGAGGCTTAGCTGAAAACTTCCTCCCC 

' ' ' ^ ' H ^ 1 , J_ , ^QQQ 

ATGTTCGTAGGACTGTTGTAGCTACAGACCGACCCTCCGAATCGACTTTTGAAGGAGGGG 
YKHPDNIDVWLGGLAENFLP 

' ■ ■ ' ' > J 1 L- > ■ r 1 



pa I 



AGGGCTCGGACAGGGCC CCTGTTTGCCTGTCTCATTGGGAAGCAGATGAAGGCTCTGCGG 

' 1 ' ^ " ' ' ' ■ ' t ' ' ' 1 ■ ' ' ■ ■ I I . ■ f 20^0 

TCCCGAGCCTGTCCCGGGGACAAAC.GGACAGAGTAACCCTTCGTCTACTTCCGAGACGCC 

RARTGPLFACLIGKQMKALR 
. — ' ' — ^ 1 1—- — I 1 I 

GATGGTGACTGGTTTT GGTGGGAGAACAGCCACGTCTTCACGGATGCACAGAGGCGTGAG 

' ^ * ' ' ' ' ' ' ' ' ' 1 ' ' ■ ■ ' ' ■ 1 I ■ ' h 2100 

CTACCACTGACCAAAACCACCCTCTTGTCGGTGCAGAAGTGCCTACGTGTCTCCGCACTC 

DGDWFWWENSHVFTDAQR. RE 



1 L 
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PCr/GB97/03014 



TPO.MPD (1 > 2847) Site and Sequence 

CTGGAGAAGCACTCCCTGTCTCGGGTCATCTGTGACAACACTGGCCTCACCAGGGTGCCC 

1 1 , 1 1 1 i 1 ' H 2160 

GACCTCTTCGTGAGGGACAGAGCCCAGTAGACACTGTTGTGACCGGAGTGGTCCCACGGG 



LEKHSLSRVICDNTGLTRVP 
■ I ■ I I 1 I ) — , — ^-1 1 . I ■ . ■ I . ■ — — 1 



ATGGATGCCTTCCAAGTCGGCAAATTCCCTGAAGACTTTGAGTCTTGTGACAGCATCCCT 
1 1 1 1 , 1 1 1 1 H 1 1- 2220 

TACCTACGGAAGGTTCAGCCGTTTAAGGGACTTCTGAAACTCAGAACACTGTCGTAGGGA 



MDAFQVGKFPEDFESCDSIP 

I ■ I I I I ■ ' I , I I , . I . . ■ ■ I ■ ■ ■ I ■ ■ I I 



GGCATGAACCTGGAGGCCTGGAGGGAAACCTTTCCTCAAGACGACAAGTGTGGCTTCCCA 

1 . ■ . ! 1 1 1 H 1 1 i f 1- 2280 

CCGTACTTGGACCTCCGGACCTCCCTTTGGAAAGGAGTTCTGCTGTTCACACCGAAG6GT 



GMNLEAWR ETFPQDDKCGFP 

- ' - < . ■ t . ■ I . ■ ■ ■ < ■ . I . I 



GAGAGCATGGAGAATGGGGACTTTGTGCACTGTGAGGAGTCTGGGAGGCGCGTGCTGGTG 

H-^ H H 1 1 ■ ' ■ ' I ■ ■ ■ ' 1 ' ■ ■ ■ I 1 i —f. 23^*0 

CTCTCGTACCTCTTACCCCTGAAACACGTGACACTCCTCAGACCCTCCGCGCACGACCAC 



ESMENGDFVHCEESGRRVLV 



Sad 

TATTCCTGCCGGCACGGGTATGAGCTCCAAGGCCGGGAGCAGCTCACTTGCACCCAGGAA 

' ' ' ■ " i > 1 1 H 1 ! H 1 h 2^100 

ATAAGGACGGCCGTGCCCATACTCGAGGTTCCGGCCCTCGTCGAGTGAACGTGGGTCCTT 



YSCRHGYELQGREQLTCTOE 
■ I I I 1 .1 t ■ ■ I ■ • - 



GGATGGGATTTCCAGCCTCCCCTCTGCAAAGATGTGAACGAGTGTGCAGACGGTGCCCAC 

1 h 1 1 1 1 i — H i ■ I I 2460 

CCTACCCTAAAGGTCGGAGGGGAGACGTTTCTACACTTGCTCACACGTCTGCCACGGGTG 



GWDFQPPLCKDVNECADGAH 

' 1 . -I I . 1 1 1 1 I 1 L 



CCCCCCTGCCACGCCTCTGCGAGGTGCAGAAACACCAAAGGCGGCTTCCAGTGTCTCTGC 

■ \ ' 1 i I ^ 1 — f 2520 

GGGGGGACGGTGCGGAGACGCTCCACGTCTTTGTGGTTTCCGCCGAAGGTCACAGAGACG 



PPCHASARCRNTKGGFQCLC 

I 1 ■ I 1 .1 f I I I 1 1 1 .... I 
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PCT/GB97/03014 



•TO.MPD (1 > 2847) SHe and Sequence 



r 



CC I 



GCGGACCCCTACGAGTTAGGAGACGATGGGAGAACCTGCGTAGACTCCGGGAGGCTCCCT 

> ■ . ■ . I 1 1 ■ ■ ■ ■ 1 \ H ^ ! ^ i- 2580 

CGCCTGGGGATGCTCAATCCTCTGCTACCCTCTTGGACGCATCTGAGGCCCTCCGAGGGA 



0 



ADPYELGDDGRTCVOSGRLP 

» . t . I . I ■ I ■ ■ I . , , I 



CGGGCGACTTGGATCTCCATGTCGCTGGCTGCTCTGCTGATCGGAGGCTTCGCAGGTCTC 

...^^ 1 > I 1 i \ 1 ■ ■ ■ ■ I ■ ' ■ ■ I 26^10 

GCCCGCTGAACCTAGAGGTACAGCGACCGACGAGACGACTAGCCTCCGAAGCGTCCAGAG 

RATWISMSLAALLIGGFAGL 



ACCTCGACGGTGATTTGCAAGTGGACACGCACTGGCACTAAATCCACACTGCCCATCTCG 

, 1 1 1 1 . 1 1 ■ ■ ' ■ 1 ' I i ' I h 2700 

TGGAGCTGCCACTAAACGTTCACCTGTGCGTGACCGTGATTTAGGTGTGACGGGTAGAGC 

TSTVICKWTRTGTKSTLPIS 

GAGACAGGCGGAGGAACTCCCGAGCTGAGATGCGGAAAGCACCAGGCCGTAGGGACCTCA 

! 1 ^ \ i 1 — ^ ' I ' 1 i 1- 2760 

CTCTGTCCGCCTCCTTGAGGGCTCGACTCTACGCCTTTCGTGGTCCGGCATCCCTGGAGT 

ETGGGTPELRCGKHQAVGTS 

■ - 1 - - ■ t . . . t . ■ — . . ■ I . 1 1 

CCGCAGCGGGCCGCAGCTCAGGACTCGGAGCAGGAGAGTGCTGGGATGGAAGGCCGGGAT 

1 . . ■ . i ' ■ . ■ > ■ 1 1 1 1 1 1 h 2820 

GGCGTCGCCCGGCGTCGAGTCCTGAGCCTCGTCCTCTCACGACCCTACCTTCCGGCCCTA 

PORAAAQDSEQESAGM'EGRD 

III I ■ ■ .1 I 1 . . I ■ ■ , ■ 1 . ■ — — ■ . . 1 



ACTCACAGGCTGCCGAGAGCCCTCTGA 

1 ■ ■ ■ ■ 1 ■ ^ 1 i ■ ■ ' ■ I ■ > 2847 

TGAGTGTCCGACGGCTCTCGGGAGACT 

THRLPRAL . 

. 1 : .J 1 L-*- 
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Figure 3 



Schematic representation of modifications 
introduced into the TPO sequence 



MIul 



EC0 47III 



Narl 



5' 



Apal 



BamHI 
Xmal 
Sma 1 Cla I 
Apa 1 



Sad 



0 21 



AccI 



.3' 



AA3 



AM 



I 1 i 1 I I I t I I i I I 

— 1 AA324 



TTT 



I I I I I 



AA515 



|AA166 ^455 
AA38SI 



AA772 

AA 631 AA 838 
IAA652 



AA514I 



^AA772 



AA166^ 



^AA517 
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Figure 4a 



9 base pairs 



Reverse 
Primef 



IS]* 

Nae|(2530) 
I2533J 



pBR322 
ori 



Xmnl(2081) 
(2084J 

AAa 11 (2022) 
(2025J 
Sea I (1964) 
(1967] 

(SaesInpTZ18R) 
(SfiesInpTZ19RJ 
"She not unique 




Bgn(l600)* 
II603J* 



Schematic map of the pTZ18 clonuig vector. 

The positions of some restriction enzyme sites are marked. Positions of the ampiciUin 
resistence gene (AMP^ ) and the lac Z gene are indicated. Positions of the fl and pBR322 

-^yTnlr^ '1^^^ ™'''P'' ^'^^"g '^'^ (^CS) positioned 5' to the 

17 promoter, and the region corresponding to the M13 reverse sequencing primer are indicated 
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Figure 4b 



PT216F1.MPD (1> '2871) Site and Sequence 
Enzymes ; 46 of 445 enzymes (Filtered) 

Settings : Circular. Certain Sites Only. Standard Genetic Code 

CD U- 



1 I 1 



CCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGC 
I ^— 1 '■■■■!> - 1 H \ 1 i . (. 60 

GGGTAAGCGGTAAGTCCGACGCGTTGACAACCCTTCCCGCTAGCCACGCCCGGAGAAGCG 



TATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAG 
■ ' 1 ! i ^ ^ 1 1- I 120 

ATAATGCGGTCGACCGCTTTCCCCCTACACGACGTTCCGCTAATTCAACCCATTGCGGTC 



= — CO 

-n 2 — — 00 — 

°L w w ea 

CD 2 CO a. W CO 



1 



GGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGCCAAGCTTGCATGCCTGCAGG 

— H H 1 1 . h--^ f. 180 

CCAAAAGGGTCAGTGCTGCAACATTTTGCTGCCGGTCACGGTTCGAACGTACGGACGTCC 

[ MCS 



linker 



8= 5 1 522?^= =coS 
3'-^ S J2 >EEOtocL o 00 to o 

11 1 1 T/lTi 177 

TCGACT CTAGAGGATCCCCGGGTACCGAGCTCGAATTCCCTATAGTGAGTCGTATTAAAT 
-~-H — f-- ^ " ■ ' ' ■ ' ■ ' 1 ' ' H 1 1 1 ^ 2^0 

AGCTGAGATCTCCTAGGGGCCCATGGCTCGAGCTTAAGGGATATCACTCAGCATAATTTA 



MCS 



^ T7 prpmoter" 



TCGTAAT CATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACAC 
— ^ i ' ' i 1 1 i 1 . h 300 

AGCATTAGTACCAGTATCGACAAAGGACACACTTTAACAATAGGCGAGTGTTAAGGTGTG 

^M13 reverse"" 

AACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTC 

' ' ■ ' ■ H ! 1 1 . h 360 

TTGTATGCTCGGCCTTCGTATTTCACATTTCGGACCCCACGGATTACTCACTCGATTGAG 



SUBSTITUTE SHEET (RULE 26) 



wo 98/20354 



12/18 



PCT/GB97/03014 



PTZ18F1.MPD {1>2871> Site and Sequence 



ACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTG 
' ' 1 ' +-- 1 1 1 K- >■ ■;. 

TGTAATTAACGCAACGCGAGTGACGGGCGAAAGGTCAGCCCTTTGGACAGCACGGTCGAC 



CATTAATGAATCGGCC AACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCT 

' ' ' ' I ' ■ ■ I ■ ■ 1 ■ • ■ ' I I ; tlQO 

GTAATTACTTAGCCGGTTGCGCGCCCCTCTCCGCCAAACGCATAACCCGCGAGAAGGCGA 

TCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG CTCAC 
AGGAGCGAGTGACTGAGCGACGCGAGCCAGCAAGCCGACGCCGCTCGCCATAGTCGAGTG ^''^ 



~ a 

w in 

1 1 



TCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA 

" ' ' ' ' I I 1 ■ ■ I . . 1 1 I I gOQ 

AGTTTCCGCCATTATGCCAATAGGTGTCTTAGTCCCCTATTGC6TCCTTTCTTGTACACT 

GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCG TTTTTCCAT 
CGTTTTCCGGTCGTTTTCCGGTCCTTGGCATTTTTCCGGCGCAACGACCGCAAAAAGGTA 



C 

AGGCTCCGCCCCCCTGA CGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCCAAAr 

■ ^ > 1 < > , U720 



TCCGAGGCGGGGG6ACTGCTCGTAGTGTTTTTAGCTGCGAGTTCAGTCTCCAC 



CGCTTTG 



TCGTGCGCTCTCCT 



CCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA GCTCCC 
GGCTGTCCTGATATTTCTATGGTCCGCAAAGGGGGACCTTCGAGGGAGCACGCGAGAGGA 

GTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAA GCGTGGCG 
CAAGGCTGGGACGGCGAATGGCCTATGGACAGGCGGAAAGAGGGAAGCCCTTCGCACCGC ^'^^ 

CTTTCTCATAGCT CACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAACCTR 

' ' ' ' ' ' ' 1 1 1 • I I ; QQQ 

GAAAGAGTATCGAGTGCGACATCCATAGAGTCAAGCCACATCCAGCAAGCGAGGTTCGAC 
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PTZ18F1.MPD (1>2871) Site and Sequence 



CO 
GL 

1 

GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGT 

1 i \ 1 i ! 1 . ■ 1 1 ' t ' ■ 1 960 

CCGACACACGTGCTTGGGGGGCAAGTCGGGCTGGCGACGCGGAATAGGCCATTGATAGCA 



1 



CTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGG 

1 ' ' ^- \ H 1 ' ■ I ■ ' ■ ■ I ) f 1020 

GAACTCAGGTTGGGCCATTCTGTGCTGAATAGCGGTGACCGTCGTCGGTGACCATTGTCC 



ATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTAC 

■ ' ■ < . ■ 1 ' ■ ■ I 1 1 1 ' ■ ■ ■ I H ^- ! 1 h 1080 

TAATCGTCTCGCTCCATACATCCGCCACGATGTCTCAAGAACTTCACCACCGGATTGATG 



G6CTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGA 

— 4— H 1 >■ ) ■'■' I — 1 ^.-1 i H h ] HO 

CCGATGTGATCTTCCTGTCATAAACCATAGACGCGAGACGACTTCGGTCAATGGAAGCCT 



8 



AAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTT 

— !■■■■ [ ' 'I 1 ■ ■ ■ ' 1 \ ■ ■ 1 1 1 h 1200 

TTTTCTCAACCATCGAGAACTAGGCCGTTTGTTTGGTGGCGACCATCGCCACCAAAAAAA 

GTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTT 

1 . . ■ I ■ I ■ . I I I I ■ I 1 ■ ■ ■ ' I ' ' ' ■ I ■ ■ ■ ■ I ■ ■ ' ■ t ■ ■ : 1 1260 

CAAACGTTCGTCGTCTAATGCGCGTCTTTTTTTCCTAGAGTTCTTCTAGGAAACTAGAAA 



X 

Q. 
W 

CD 



TCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGA 
1 1 1 — i i ! 1 ! ' I ■ ■ ' I 1 h 1320 

AGATGCCCCAGACTGCGAGTCACCTTGCTTTTGAGTGCAATTCCCTAAAACCAGTACTCT 

TTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATC 

1 . ■ . ■ I ■ ■ 1 ( ^ -t- i ■ ■ ■ ■ I ■ 1 ■ ■ I h 1380 

AATAGTTTTTCCTAGAAGTGGATCTAGGAAAATTTAATTTTTACTTCAAAATTTAGTTAG 

TAAAGTATATAT6AGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCT 

1 ■ . ■ I . . . I 1- M 1- 1 1 , I ■ , ( . , (. iqqo 

ATTTCATATATACTCATTTGAACCAGACTGTCAATGGTTACGAATTAGTCACTCCGTGGA 
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PTZ18F1.MPD (1 > 2871) Site and Sequence 



o 



E 

CO 

UJ 



ATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATA 

' 1 1 1 ^ \ i 1 1 1 I I 1500 

TAGAGTCGCTAGACAGATAAAGCAAGTAGGTATCAACGGACTGAGGGGCAGCACATCTAT 



CO E 

in Q. 



ACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCA 
' i 1 H M i 1 1 1 1 ^ 1560 

TGATGCTATGCCCTCCCGAATGGTAGACCGGGGTCACGACGTTACTATGGCGCTCTGGGT 



o 

O £D 



CGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGA 

■ I ! ^- 1 i ■ ' ' ■ 1 1 1- 1620 

GCGAGTGGCCGAGGTCTAAATAGTCGTTATTTGGTCGGTCGGCCTTCCCGGCTCGCGTCT 



> 

1 

AGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGA 

1 ■ ' ■ I i ^ \ 1 1 ^ 1 1 ' ' ' ■ I 1680 

TCACCAGGACGTTGAAATAGGCGGAGGTAGGTCAGATAATTAACAACGGCCCTTCGATCT 



CO 



GTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTG 

1 ' ■ ■ ■ i 1 h-- 1 1 \ 1 \ I 17^*0 

CATTCATCAAGCGGTCAATTATCAAACGCGTTGCAACAACG.GTAACGATGTCCGTAGCAC 

GTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGA 
> 1 1 1 H ' I ■ ■ ■ ■ i ■ H ' I ■ ' ' ' r . . I 1800 

CACAGTGCGAGCAGCAAACCATACCGAAGTAAGTCGAGGCCAAGGGTTGCTAGTTCCGCT 



CO 3 



1 



GTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTT 

1 1 1 H ' I ■ , ■ , 1 ■ ■ ■ , i 1 1 1-^ h I860 

CAATGTACTAGGGGGTACAACACGTTTTTTCGCCAATCGAGGAAGCCA6GAGGCTAGCAA 
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PTZ18F1.MPD n>2871) Site and Sequence 



GTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCT 

1 ' ^— * 1 ' \ \ . H 1920 

CAGTCTTCATTCAACCGGCGTCACAATAGTGAGTACCAATACCGTCGTGACGTATTAAGA 

CTTACTGTCATGCCATCC GTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCA 

1 ' I ' 'I 1 ^ 1 ' 1- 1980 

GAATGACAGTACGGTAGGCATTCTACGAAAAGACACTGACCACTCATGAGTTGGTTCAGT 



TTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAAT 

' ' ' f ' *— ^ 1 ^ ! ^ h 2040 

AAGACTCTTATCACATACGCCGCTGGCTCAACGAGAACGGGCCGCAGTTATGCCCTATTA 



ACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGA 

— • — H ^ h*- 1 1 ' H h*-^ i h 2100 

TGGCGCGGTGTATCGTCTTGAAATTTTCACGAGTAGTAACCTTTTGCAAGAAGCCCCGCT 



2.8 

7 



AAACTCTCAAGGATCTTACC GCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCC 

' 1 ' H ^'^ ' ' I — ■ ' 1 ' H h 2160 

TTTGAGAGTTCCTAGAATGGCGACAACTCTAGGTCAAGCTACATTGGGTGAGCACGTGGG 

AACTGATCTTCAGCATCTTTT ACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGG 

' ' ' ' 1- ' H 1 1 1- 2220 

TTGACTAGAAGTCGTAGAAAATGAAAGTGGTCGCAAAGACCCACTCGTTTTTGTCCTTCC 

CAAAATGCCGCAAAAAAGGGAA TAAGGGCGACACGGAAATGTTGAATACTCATACTCTTC 

" ^ I ' ^ 1— - — I 1 ' ' ' ! 1 ^— I 2280 

GTTTTACGGCGTTTTTTCCCTTATTCCCGCTGTGCCTTTACAACTTATGAGTATGAGAAG 



W 1 



CTTTTT CAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTT 

' I ' ^ \ \ \ \ 1 1 ^ 2340 

GAAAAAGTTATAATAACTTCGTAAATAGTCCCAATAACAGAGTACTCGCCTATGTATAAA 
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>TZ18F1.MPD (1 >2871) Site and Sequence 



GAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCA 

I 1 1 -H 1 1 1 1 1 1 I 2400 

CTTACATAAATCTTTTTATTTGTTTATCCCCAAGGCGCGTGTAAAGGGGCTTTTCACGGT 



CCTGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTG 

1 ■ ■ ■ I » i ! 1 1 1 \ K 2460 

GGACTGCGCGGGACATCGCCGCGTAATTCGCGCCGCCCACACCACCAATGCGCGTCGCAC 

ACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTC 

1 1 1 H 1 i H 1 » 1 ' ' ■ < p .2520 

TGGCGATGTGAACGGTCGCGGGATCGCGGGCGAGGAAAGCGAAAGAAGGGAAGGAAAGAG 



o5- 

o>co 



7? 



GCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGCATCCCTTTAGGGTTCCGA 

^ i 1 ■ ■ ' ■ t ' — ' ' I ■ ■ ' i I ! 1 h 2580 

CGGTGCAAGCGGCCGAAAGGGGCAGTTCGAGATTTAGCCCCGTAGGGAAATCCCAAGGCT 



< = 

TO CO 

m a 



TTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGT 

— — * 1 ■ ■ 'I 1 (— 1 f- 2640 

AAATCACGAAATGCCGTGGAGCTGGGGTTTTTTGAACTAATCCCACTACCAAGTGCATCA 



O 



GGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAAT 

i 1 ! \ i ' ■ ■ I ■ ' ■ I ' 1 i 1 f. 2700 

CCCGGTAGCGGGACTATCTGCCAAAAAGCGGGAAACTGCAACCTCAGGTGCAAGAAATTA 

AGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGAT 

' ■ ■ I ' ' I ^ \ ' ■ ' ■ ' I ■ ' ■ ' I h 2760 

TCACCTGAGAACAAGGTTTGACCTTGTTGTGAGTTGGGATAGAGCCAGATAAGAAAACTA 

TTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAA 

' !'''' ' 1 H 1 ' ■ ' M . H > ■ ■ ■ I — f 2820 

AATATTCCCTAAAACGGCTAAAGCCGGATAACCAATTTTTTACTCGACTAAATTGTTTTT 



CL a 

CO CO. 



TTTAACGCGAATTTTAACAAAATATTAACAAAATATTAACGTTTACAATTT 

■ ■ 1 ~t 1 1 h*- 2871 

AAATTGCGCTTAAAATTGTTTTATAATTGTTTTATAATTGCAAATGTTAAA 
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Legend to pT2l8 vector sequence 



Nucleotide sequence of the plasmid vector sequence pTZlS. The region corresponding to the 
Ml 3 reverse sequencing primer is indicated ( ^ MI 3 reverse — ). The multiple cloning site 
is boxed | MCS | . The region corresponding to the T7 promoter is indicated ^ promoter 
The position of the unique pTZ18 linker which replaced part of the MCS is boxed f Linker | 
sequence of linker is gjven 



AccI 



Sequence of pTZlS linker 



5'-CGACTGACATCGATCTGACTGACTGA-3 ' 

:::::::::::::::::::::::: PiindlH 
3 ' -TGACTGTAGCTAGACTGACTGACTTCGA-5 ' 



The pTZl8 cloning vector was modified to include a unique linker which was designed to include 
a Clal restriction enzyme site for cloning and a series of TGA stop codons which ensured 
translation tenmination of all truncated TPO genes. The modified pTZlS vector was constructed 
by cloning the linker into the AccI and Hndm sites of the multiple cloning site of pTZIB cloning 
vector. 
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Figure 5 



Sequence of T7 promoter 



TAATACGACTCACTATAGGGA 

— ► 

T7 transcription start 



Figure 6 



Reactivity of modified TPO with Abs in sera from 
patients with AITD, Addison's disease and healthy 
blood donors 



o 
a 

o 

5 
c 

C 

Lq 




D AITD 

B8 ADDISON'S DISEASE 
Ea BLOOD DONORS 



J 



AA AA AA AA AA AA 

386-652 514-772 455-838 515-838 631-838 772-838 
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